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1. Climate change issues and conseqguences

* Increase of the average temperature in the biosphere due to the
iIncrease of more heat absorbing molecules in the air and the
natural greenhouse effect

* Increase in frequency, intensity and change of pattern in
meteorological phenomena, e. g.: rain, hurricanes, storms, more
prolonged droughts and heating waves.

« Glaciar depletion or extinction of ice in the poles and in the
terrestrial surface in the mountains

 Increase in temperature of see and in its level
« Change in the behaviour of animals and plants
More consequences

* Loss of land in coasts; floods; habitat, species and agricultural
losses; increase of some bacteria and parasites illnesses
associated with heat; ...



f
"1 Afle, ANvERSARIO

L S CENAM

2. Quantities to be measured?
Recognize quantities not just variables

« Meteorological quantities: temperature, wind speed and
direction, water vapour amount fraction, pressure, precipitation,
surface/earth radiation budget, solar irradiance, cloud
properties, ...

« Atmospheric composition: long-lived GHGs: amount fractions
of CO,, CH,, N,O, ...; O3, aerosol and their precursors

* Oceans: CO, partial pressure, O,, acidity, phytoplanckton,
temperature, ....
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| 3. Air quality and GHGs substances

« The Greenhouse gases: Half live time and warming potential

Information from: Dr. Adrian Fernandez, VIl reunién nacional de estadistica, INE (2008)
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3. Air quality and GHGs substances

Why Greenhouse gases and air pollutants together?

“A gaseous atmosphere is maintaining our life”

« Significant: understanding chemistry and physics of the atmosphere

 Primary and secondary air pollutants and their precursors or
(sub)products are sometimes all relevant pollutants in climate
change (e. g. O;: CH,, VOCs, NOx, etc.; CO,: CO, CH,, carbon
cycle; nitrogen cycle; acid rain: SOx, NOX)...

« Substances and radicals that induce reactions or the presence of
other air pollutants (CHCO, OH, PANs, etc.). Some of them are
iInestable, thus not prone to have them as measurement standards.
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3. Air quality and GHGs substances

* Significant air pollutants in atmospheric monitoring (emissions and inmissions)

Development of Chemical measurement standards in Mexico

L]

Greenhouse gases (GHGSs): those 7 reported groups GHGS to

« CO, CH, N,O, SFg4 originally chlorofluorocarbons (CFCs), replaced by
hydrochlorofluorocarbons (HCFCs), now replaced by the latest hydrofluorocarbons (HFCs),
NF;

Short-Lived Climate Forcers or Pollutants (SLCFs / SLCPs) for near-term climate protection: CH,,
tropospheric O3, black carbon, short-lived hydroflourocarbons (HFCs).

« HFCs are a type of fluorinated greenhouse gas intentionally made as replacements for
stratospheric ozone depleting substances (ODS, ), for use in the same
applications (air conditioning, refrigeration, solvents, foam blowing and aerosols)

Criteria air pollutans (gases) for ambient air (inmissions): are 7, but in Mexico only testing 5

¢ Pb, CO, Oy, NO,, PMyg 25 .. 10...SO,, VOCs, H,S (not a criteria air pollutant, but at ambient
levels also measured in specific places)

Stack and mobile emissions

* Metals (Pb, Hg, ...), hydrocarbons (HCs expressed as C;H; or bencene) CO, CO,, NO,,

Persistant Organic Pollutants (POPS). . Dioxins, Pesticides, PCBs.

PAHSs (carcinogenic — mutagenic).

Bolded and shadowed = Priorities detected by environmental authorities, Red = not worked , Blue = not worked but feasible to work
with, Green = worked or in process to be done, Gray = lower demand, not worked, Pink = Significant in some sectors, but not being
metrologically worked in CENAM, Purple = Some work done, but in other matrices, not for air applications
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3. Air quality and GHG substances

SE

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

Date updated

1 Dec 2013

Coordinating

Hyperlink to latest

WG Reference Mo, Description Start date | Status .

Laboratory version of report
Criteria air pollutants
GAWE EIPM.GM-K1 DOzone at ambient level EIFr 2005 Approved for Equivalence | BIPM Q1 K1 Reporizs
GAWE CCOM-KA CO in nitrogen [5 pmolimal] MMIS A 2006 Approved for Equivalence | CCOM-K51 Final Report
GaAWGE CCap-kad Ambient Carbon Maonogide KRISS 2010 Inprogress
GAWE CCaM-K74 Nitrogen dicxide 10 pmalimol EIFr 200 Approved For Equivalence  |CCQM-KT£ Final Report
GAWE CCOM-F73 Mitrogen monozide in nitrogen EIFM 2006 Completed CCOM-P72 Final Report
GaWE CCOM-K26.a Feactive gases-ambient levels - MO in M, hFL 2003 Approwved for Equivalence CCOM-k2E a_Final_Feport

GAWGE

CCOM-k2ED

Feactive gases-ambient lewels - SO2 in Air

Approwved for Equivalence

Climate change (GHG)

GAWE CCar-F41 Greenhouse gages OOz, CH, - ambient levels  [WSL 200z Completed LOQM-P41_Final Fepart
GAWE CCoM-kR2 CO;in air (260 - 400 ppm) WSL 2008 Approved for Equivalence  |CCOM-KS2 Final Report
GAWEG CCOM-K120 Ambisnt CO. BIPM with NIST 2015 Plannsd

GaAWGE CCap-ka2 Mlethane in air EIFM 2003 Inprogress

GG CCOM-KES 20 at ambient levels KRISS 2003 Appraved for Equivalence |CCOM-KSE Final Report
GawWE CComM-K15 SFg, CFCs - emission lewels KRISS 2003 Approwved for Equivalence CCQM-EIS Final Feport
GAWE CCQM-ka4 DMES (Di-methyl 2ulphide) in nitrogen ERISS 201 In pragress

GaWGE CCap-KE3 Halocarbons in air MIST 2011 Inprogress




F
)’ ANIVERSARIO

SE

L TASCENAN
3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

Criteria air pollutants: Ozone

BIPM.QM-K1
Ozone at nominal mole fraction 80 nmol/mol

Degrees of equivalence [D and its expanded uncertainty (k=2), U]
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

Criteria air pollutants: Carbon monoxide, a new CCQM-K84 is in progress

CCQM-K51 Carbon monoxide in nitrogen
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

Criteria air pollutants: Nitrogen dioxide: 1st Nitrogen monoxide
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D; = (x; - x;g) / (nmol/mol)
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CCQM-K26.a Nitrogen monoxide (NO) in Nitrogen (N,) at nominal value 720 nmolimol
Degrees of equivalence D; and expanded uncertainty U;(k = 2)
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

Criteria air pollutants: Nitrogen dioxide: 2nd Nitrogen dioxide

cCcaM-K74 Nitrogen dioxide in Nitrogen
Degrees of equivalence: D; and expanded uncertainty U; (k = 2) expressed in pmol/mol
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

Criteria air pollutants: Sulfur dioxide

15

12

D; | (nmol/mol)
(%]

-12

-15

CcCQM-K26.b Sulfur dioxide in synthetic air Nominal value ~ 300 nmol/mol
Degrees of equivalence: D; and expanded uncertainty U, (k = 2)

CERI/NMIJ  CHMI FMI IPQ JRC KRISS LNE NMi-VSL NPL UBA VNIIM

12
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM
Other (criteria) air pollutants: some VOCs (only Hazarduos Air Pollutans: Benzene,

chloroform, dichloromethane, trichloroethylene, tetrachloroethylene, 1,2-dichloroethane,1,3-
butadiene, and vinyl chloride) at 100 nmol/mol level; BTEX 50 to 100 nmol/mal, e. g.

CCQM-K22 - benzene in nitrogen, 100 nmol/mol CCQM-K22 - vinyl chloride in nitrogen, 100 nmol/mol
Degrees of equivalence: D, and expanded uncertainty U; (k =2) Degrees of equivalence: D, and expanded uncertainty U; (k = 2)
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CCQM-K7 BTX in nitrogen CCQM-K7 BTX in nitrogen
Degrees of equivalence [D; and U;] for benzene at nominal value 50 nmol/mol Degrees of equivalence [D; and U;] for m-xylene at nominal value 90 nmel/mol
500 10.00
500
500
00 E
) H 0.00
£ 5 t
: : [
Zom < 500
X 1.00 ’?—muﬂ
= S
w000 "
S 5 1500
1.00 -
2000
00
2500
BNM-LNE UBA NMI KRISS NMi-VSL VNIIM NPL NIST BNM-LNE UBA NMIJ KRISS NMi-VSL VNIIM NPL NIST




f
2Slo, anvERsario

L\ S CENAM

3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

Other air pollutants: Ammonia in N,, 30 pumol/mol to 50 umol/mol

D; ! (pmolimal)
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CCQM-K46 Ammoniain Nitrogen
Degrees of equivalence: D; and expanded uncertainty U; (k = 2) expressed in gmol/mol
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Degree of Equivalence (% relative)
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

CCQM-P41 Greenhouse gases — CO, and CH, in Air (2003)

Methane
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3. Air quality and GHG substances

Example of CRMs and DQO of WMO

Projected Typical Certified Values for
SRM 1720 : Northern Hemisphere Greenhouse
Gases

NIST Concentration? NOAA Concentration? WMO Data
Quality Objective®

393. 30 0.10 umol/mol 393.38 £ 0.20 pumol/mol +0.1 pmol/mol

CH4 1878.1 £+ 1.0 nmol/mol 1875.9+ 1.5 nmol/mol +2  nmol/mol
N20 323.04 £ 0.20 nmol/mol 323,10+ 1.0 nmol/mol + 0.1 nmol/mol

CcO =160t4 nmol/mol No NOAA Data +2 nmol/mol
(vary 35 % sample to sample)

SFS =710.04 pmol/mol 7.16 £0.04 pmol/mol + 0.02 pmol/mol

& Expanded uncertainty at k=2 coverage factor, 95 % confidence interval.
b Standard uncertainty at 1 o (k=1 coverage factor).

Dytch
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

GHGs: Carbon dioxide, a new CCQM-K120 planned
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Degrees of equivalence for CO, in synthetic air at nominal value 360 pmol/mol
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

GHGs: Methane. Data quality objective (DQO) of the WMO for CH, almost
achieved, but not yet in the uncertainty of gaseous PSMs. DQO of the WMO
defined as metrological compatibility of measurement results (VIM, 2.47)

Comparisons on Methane in air at atmospheric levels

Method CRDS 2

-1 . X R
(2 umol mol ') for climate change monitoring "
10 GLS_LCminSet S=
- 9_]
. CCQM-P41 part 1, 2003 84 DQO =% 2 nmol/mol
': coordinated by VSL
100 4 CCQM-P41 part 2, !
g ] 2003, coordinated by VSL £
T 50 E—— R
= ! v CCOM-K82, 2013 = 3 :
8 coordinated by BIPM/NIS &, .33
& - l = Q 4
2 ' 14 5]
0— s I rY 1 l + A Tr¥EEGS YTYys¥Yexw P v _6_: na
TIT J | [ "7 143g ' 73 |
1 } » WMO DQO -8 ;
14 u 9] | 1(KCRV)= O.f
-50 ~ - L o e e e e s o e e s E s s B B e A L
e — s TSR SRR e 109-8-7-6-54-32-10123456728 910
CIEZLET3%5¢S SS522035235 ERNNNRRESRSRRERS
SSUCcZEo222 el G 7 ettt talaetats S R D 1800 nmol/mol
= 7 = :

R. Wielgosz, BIPM, GAWG & CCQM meetings, April 2014
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

GHGs: Nitrous oxide, 320 nmol/mol

CCQM-K68 Nitrous oxide in synthetic air
Degrees of equivalence given in relative terms
1.5
L e T
g 0.3 15 [t
Ix_ l:I.D T T T T T T
- + 1
E y »
-
08 oY e
A e e e e e e e e e e e e
-1.5
KRISS NIM MIST MMLY WNIIM WSL MOAAESRL
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3. Air quality and GHG substances

What has been already done and is being done?
Comparisons in Air quality & GHG-CCQM-CIPM

GHGs: Sulfur hexaflouride and CFCs at emission levels (Carbon
tetraflouride) 100 uml/mol to cover CF,, C,F4, CHF;, SFg, and NF4

D; = (X; - X;gray) | (1mol/mol)

CCQM-K15 Amount-of-substance fraction of SF; in Nitrogen
Nominal value: 100 pmol/mol
Degrees of equivalence, D, and expanded uncertainty U, (k = 2)
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CCQM-K15 Amount-of-substance fraction of CF, in Nitrogen
Nominal value: 100 pmol/mol
Degrees of equivalence, D, and expanded uncertainty U, (k = 2)
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Regulatory framework
compared with the
structure of

El Cerrito Pyramid
in “El Pueblito”
there in Queretaro, | .
Mexico, where i Sl AL "' ..r'n,y.....'.,,;,____,_‘ )
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of the UNFCCC
13th rank as country in GHGs

global emissions (2 % of GHGs)

Reduce emissions of GHGs
in 30 % by 2020 (50 % 2050)
baseline 2000

4 Regulatory climate /
situation in Mexico
(Climate Change)

United Nations
Framewok
Convention on
Climate Change

National Communication to
the UNFCCC (Fifth -2012)

Emission inventories

Intergovernmental Panel
on Climate Change (IPCC)

methods (top - down)

Emission factors and

Programs in
CENAM in line
with current

e L e L L L L e LR L LR LR LT Activityfactors regulations

: Kyoto protocol A\ )
menssassEsEssEsEEEEEEmEEnns |- ._.._.._.._.._.._.._.._.._.._.-_-____I Strateg|es
General Law on | 1 Statement of the | and

. 1 1
Climate Change | | General Law on ! governmental

In effect (2013-08) | _Climate Change ;
programs
and also
National Development Plan 2013 - 2018 focused in

Federal
funds

Environmental Sector
Program

Special Program on
Climate Change

future
needs

Specific projects and actions
supported by funds

National Strategy on Climate Change
Vision 10-20-40 (years)
In effect (2013-06-04)

State and Municipal Programs on
Climate Change
(basically inventories of GHGs and
actions to mitigate/adaptate)

Policies

Climate science, mitigation
and adaptation to CC

Actions (for Sustainable
Development)

Technology

In development or changing every federal government
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Regulatory framework
seems to be more
comparable in

shape with the structure
of Tikal Tempel

here in Guatemala

1979 UNESCO World Heritage Site

it o AU

N
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//upload.wikimedia.org/wikipedia/commons/0/06/Tikal_Temple1_2006_08_11.JPG
//upload.wikimedia.org/wikipedia/commons/0/06/Tikal_Temple1_2006_08_11.JPG
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b e e L . —actions to mitigate/adaptate) _ ,
. Climate science, mitigation Actions (for Sustainable
Policies . Technology
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4. Regulatory framework

 Mitigation

National policy of mitigation should include: diagnostic (national and
sectorial baseline), plan, measurement, monitoring, report,
verification and evaluation of national emissions.

Arrangements at federal, state and municipal level to reduce
emissions at specific sectors and activities through actions and
programs.

International treaties signed by Mexico to be considered.
Low-emission development strategies (LEDS)

Green Economy

Nationally Appropriate Mitigation Activities (NAMAs)

Mexico is a member of the Global Green Growth Institute since 2012

Mexico is a founding member of Climate and Clean Air Coalition
(CCAC) to Reduce Short-Lived Climate Pollutants

Policies

Climate science, mitigation Actions (for Sustainable
and adaptation to CC Development)

Technology
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National Strategy on

Reduci la vulnerabiidad y
aumantar a resliencia del sector
social ante los efectos del carmbio
clirmatico.

Reduci la vulnerabiidad y
aumentar a resliencia de la
infraestructura estrategica y

M1

Acelerar la trarsicion ensrgetica hacia
fuentes de energia limpia

Rieducir la intersidad energetica
rmediante esquemnas de eficiencia y
coneEumio responsable

Trarsitar a modelos de cudades sus-
tentables con sistemas de maovilidad,
gestidn integral de residuos y edifica-
ciones de baja huella de carbano

Climate Change
Vision 10-20-40 (years)
2013

Without metrology

sisbernas productivos ante los

efectos del cambio climéation Impulsar mejares pricticas agrope-

cuanias ¥ forestales para incrementar
¥ preservar los surmidenos raturales
Corservar y usar de forma de carbano
sustentable los ecosistamas v
miantener ks servicios ambien-
tales que proveen

Reducir emisiones de Contarmnantes
Qirmaticos de Vida Corta y propiciar
cobeneficios de saludy bienestar.

I

ADAPTACION AL DESARR OLLO BAJO EN
CaMBIO CLIMA EMISIONES 'MITICGACION

PILARES PARA LA CONSTRUCCION DE A POLITICA

The measurement, report and
verification (MRV) for mitigation
of GHGs should be better
supported by Metrology and
guality infrastructures in each
country. Cooperation of
authorities with NMls have to be
closer for these tasks. However,

| think that the MRV process is
not yet at all considering
Metrology, because it could be
seen as an additional
requirement to promote
effective reductions. Same
situation in NAMAs. So convince
also IPCC national experts

Implementar una platafonma de
irvestigacion, innovacion, dess-
rmolloy adecuaciin de teonalogiad
clirnaticas y fortalecimiento de
capacidades institucionales

Instrurnentar mecanismos de
Medicion, Reporte, Verificacior
y Monitoreo y Evaluacin

Contar con politicas y aotio-
nies climaticas trarsversales,
articuladas, coordinadas
inchryentes.

Desamollar poltticas fiscales
& instrumentos econbmicos
y financieros oon enfoque
clirstico

Fortalecer la cooperacian
estrategicay el liderazgo
internadonal

Promover el desarmolle deuna
cubtura climatica
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Fifth National Communication to the UNFCCC (for 2010, reported 2012) - Mexico

Category Final Use / Activity Gas
Great
opportunities
to reduce and
make a difference
measuring and
verifying changes

Transport 22.2%

with help of 3 Enatay Msmirisl L% Chibon
“ g .. ..! 2
Metrology for .. Industries ) < = e naniond 236 Dioxide (CO:)
new services " T 66.0%
Wlth own [T i - U Cement Industry 4.36%
techdmcal ) Other
neeas, e. g. . 14.36%
' /" | Manufacturing industries
i and construction 7.6%
Change in energy sources :
and fuels: '
HFC,,
———— PFC,, SF,
Measure/verify fugitive == Nitrous 2.5%

Emissions el N . : Oxide (N:0)

9.2%

Take advantage of energ
in organic wastes

~
S
~.
~
S
~.
~.
~
~,
S
~

an e
-----------------------------

748 MtCO, eq. “
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5. Reflections and conclusions

Reflections

« Case of 40 Megacities: 3" contributor to GHGs after USA and China

Cities: responsible for 70% of fossil-fuel CO2 emissions

A 10-km-resolution map indicates the distribution and intensity of fossil fuel CO2 emission sources. The regions
with greatest emission intensity are indicated by red and black (urbanized areas and associated large power
plants). The black circles indicate a vision for future surface measurement networks concentrated within the 23
existing megacities. Blue circles indicate the 14 additional megacities projected to exist by 2025. The dashed
rectangles indicate the fields of regard of three remote-sensing instruments that if hosted on geostationary
satellites would offer sustained, wall-to-wall mapping of nearly every emission source. The satellite and surface
network data, integrated with improved high-resolution emission estimates would provide a robust system for
assessing and informing policies. Map: ( ) 2009.
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5. Reflections and conclusions

Reflections

CENAM has 16 years experience on emission services: vehicle and
stack emissions, participation in some CCQM-Key Comparisons and
Pilot Studies of GHGs and Air Pollutants. It is the only Iberoamerican
NMI with chemical CMCs as core capabilities in gases (in the MRA-
CIPM) published today (it does not include some GHGs, GHG chemical
measurement standards are challenging, not core!). As member of the
CCQM we have regular participation in the GAWG and we are following
comparisons and knowlegde in GHGs and air quality
measurements.

+ Steps of Development in Gas Metrology: please first binary gas mixtures high
concentrations, i.e. emissions, lower concentration and multicomponent gas
mixtures are challenging: so truly air quality levels (not their premixtures) are very
challenging!, i. e. inmissions are more difficult!

Politically, Mexico has been very involved in climate change
initiatives. In my knowledge, Mexico is the 2"d country in the World with
a General Law of Climate Change (2012, first was UK), having a new
National Institute of Ecology and Climate Change. First country reporting
to the UNFCCC inventories on Short Live Climate Forces (SLCF, 2012).
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5. Reflections and conclusions

Reflections

« Many scientist doing an excellent job in monitoring the air, but
only a few truly understand and apply Metrological Traceability
and Metrology in Chemistry Capabilities, so more guidelines
are required.

Not only for gas analysis in gas phase, but also for wet methods. Examples:

In spectroscopic measurements doing "absolute measurements” linestrengths
have many times very high uncertainties and no traceability, there are signifcant
uncertainty sources in emerging technologies, e. g. for QCLs, CRDS, etc.

Wet methods also need good metrological practices, e. g. measuring vertical
profiles of O;in planes or globes absorbed in KI.

- So we should review the metrological quality of the stuties
performed in our own country. Do not do only isolated efforts:
synergy is needed!
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5. Reflections and conclusions

Conclusions

Better quality of weather and air quality data for forecast or/and
complement/substitution to measurements with models. Work on metrics
of models. What bias, if allowed, is okay between traceable
measurements and models?

Synergy: cooperate closer with Environmental Authorities and
Universities (e.g. air pollution and models), but also with the National
Meteorological Service (SMN) and Organizations (State or Municipal
levels) in charge of Meteorological Stations.

Development of traceable and reference methods for assays of GHGs.

Set of governmental priorities is clear, but in Metrology very delayed:
SLCF and particles: innovation opportunities in metrological traceability.

Contribute with traceable results in inventory guidelines of the IPCC and
MRV of mitigation actions and NAMAs and initiate/continue Metrology
Support to the inventory reports for the UNFCCC.
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